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Abstract 
Two compact 2.4-GHz meander-line antennas suitable for integration with the printed circuit board(PCB) of a on a 
universal serial bus(USB)-WLAN card are presented in this paper. These antennas have been designed with size 
reduction up to 67% compared with the previous reported design. The CST Microwave Studio TM EM simulator is 
employed for design evaluation. The printed meander-line antenna is realized on a FR-4 PCB substrate. The 
simulated VSWRs are less than 2 from 2.4 to 2.5 GHz.  
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1. Introduction
The wireless digital devices are growing rapidly nowadays. These digital devices are required to
performance multiple services at any locations when it is appropriated. However, it is impossible to 
provide all the emerging new services such as high-quality multimedia broadcasting and wireless internet 
with a single digital device. Providing good connection through plug and play function, a conventional 
universal serial bus (USB) is used to exchange data between most digital devices, including mobile 
phones, PDAs, and laptops [1]. A major limitation of the USB technology is the presence of the cables. 
With the high-speed USB-WLAN card, devices can be connected to the PC without cables. The antenna 
design for USB-WLAN card will be a challenging task due to the space constraint as well as the need to 
maintain good impedance and radiation performance across a broad operating bandwidth. Recently, USB 
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dongle antennas for WLAN [2-5] applications have been reported and investigated. However, due to the 
large antenna volume and ground size, antennas reported in those papers can not be incorporated within 
the limited space available for USB dongle application. Especially with the advance technology now the 
size of the USB dongle is getting much smaller.  
In this paper, a 2.4GHz meander line PCB antenna for WLAN application[5] is presented and 
investigated. Based on the study of the meander line length, bends and current distribution, two new 
antennas are designed to have size reduction up to 67% compared with the design mentioned in [5]. The 
designed antennas have size suitable for USB dongle applications and enough bandwidth to cover the 
2.4GHz WLAN bands – operating frequency from 2.4GHz to 2.484GHz.  The operating bands are 
evaluated by CST Microwave StudioTM 2009 [6] with the criterion of return loss S11 less than -6dB. 
Simulated radiation patterns over the whole frequency bands are acceptable. 
2. Antenna Configuration and Design  
The reported meander line antenna consists of a series of components: A planar dielectric substrate 
having opposing lower and upper surfaces; A metal ground plane on the lower surface of the substrate; A 
microstrip line, on the upper surface of the substrate, having one end connected to a connector for the 
connection of a feed to the radiator and the other end connected to the coating. The antenna is fabricated 
on a double-sided FR-4 printed circuit board with dielectric constant of 4.4. Its size is 60 mm x 20 mm x 
1.58 mm  (Length x Width x Height) and the size of ground plane is 50 mm x 20 mm (Length x Width) 
with the thickness of 0.035 mm. Then the meander shape, with the width and gap of the meander-line 
antenna are 1 and 2 mm, respectively, has been optimised to resonate at 2.4-GHz band. Fig. 1 shows the 
illustration of a printed meander-line antenna for the USB-WLAN card.  Fig.2 and Fig.3 are the new 
proposed meander line antenna designs with the size reduction of 36% and 67%, respectively. The detail 
of these design parameters are shown in Table I. 
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            Fig. 2. Meander line antenna- design II                                                         Fig. 3. Meander line antenna- design III 
Table 1. Design parameters for design I, II and II: 
Parameter Design I Design II Design III 
W 20 mm 17 mm 15 mm 
W1 14 mm 13.5 mm 11.9 mm 
W2 1 mm 2.5 mm 2 mm 
W3 - - 0.7 mm 
L 60 mm 47 mm 26.5 mm 
L1 50 mm 39 mm 9 mm 
L2 2 mm 0.9 mm 12.5 mm 
L3 - - 0.6 mm 
3. Results and Discussion 
The models of antenna design I , II and III are constructed and simulated in the CST microwave 
studioTM  for the evaluation. Fig. 4 shows the simulated results for the return loss of the proposed 
antennas as a function of frequency. It shows that all three designs have better return loss than -6dB from 
2.3GHz to 2.6GHz (bandwidth of 300MHz).  
Simulations for radiation pattern have been performed for antenna design III at 2.4 GHz and the results 
as shown in Fig. 5. The radiation pattern at y-z plane (E-plane) is in donut shape, and the x-y plane (H-
plane) is omni-directional at designed frequency. 
Table 2 shows the comparison original design with two proposed designs. The size of the meander line 
antenna is significantly reduced with two proposed designs in this paper. Up to 67% of the size reduction 
and still retain the electrical performance requirements for USB WLAN application. 
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Fig. 4. Return loss of Design I, II and III. 
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       Table 2. Comparison of all three designs: 
  Design I Design II Design III 
Size(Length x Width x Height: mm3) 60 x 20 x 1.58 45 x 17 x 1.58 26.5 x 15 x 1.58 
Reduction in size compared with the design I 0% 36% 66.875% 
Length of the Meander Line(mm) 45 39.8 53.35 
Size of the ground plane (mm2) 50 x 20 39 x 17 9 x 15 
Directivity(@2.4GHz)  3.15dB  2.467dB  3.044dB  
Directivity (@2.5GHz)  3.337dB 2.552dB 3.128dB 
4. Conclusion 
In this paper, two compact 2.4-GHz meander-line antennas suitable for integration with the printed circuit 
board(PCB) of a on a universal serial bus(USB)-WLAN card are proposed. These antennas have been 
designed with size reduction up to 67% compared with the previous reported design. The performances of 
the proposed designs are evaluated by CST microwave studio. The simulated VSWRs are less than 2 from 
2.4 to 2.5 GHz.  
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